Human serum proteins were evaluated by sodium dodecyl sulfate polyacrylamide gel electrophoresis after protein denaturation in the presence or absence of 2-mercaptoethanol.
Immunoprecipitates.
The immunoprecipitates were resuspended in 100 L of sample-denaturing solution without 2-mercaptoethanol. The suspension was divided into two aliquots of equal volume, and 2-mercaptoethanol (final concentration, 50 mL/L) was added to one before heating at 95 #{176}C for 5 mm. 
Electrophoresis
The 75 x 75 x 3 mm electrophoresis gels were prepared as previously described The gels were fixed overnight in methanol/acetic acid/water (50/10/40 by vol; 200 mL/gel) and then incubated at 60 #{176}C for 20 mm in a pre-heated 1 g/L solution of Coomassie Brilliant Blue R-250 in fixing solution (100 mL/gel). The gels were subsequently destained in methanol/acetic acid/water (5/7/88 by vol). This procedure gave a reproducibly intense stain against a clear background.
Ultrasensitive silver staining.
The simplified version (5) of the methylamine-mncorporating silver stain (4) was used. However, 1 g of formaldehyde solution per liter was incorporated into the final pre-diamine wash (60 #{176}C, 30 mm) to improve sensitivity and increase the rate of stain appearance (6). Figure 1 shows the SDS-PAGE patterns obtained with sera from three apparently healthy individuals after protein denaturation in the presence or absence of 2-mercaptoethanol. The two protein-denaturing procedures gave different but characteristic high.resolution one-dimensional patterns, which were reproducible for each serum analyzed, Figure IA) were identified by electrophoresis of(a) purified protein preparations ( Figure 2 ) and/or (b) immunoprecipitates recovered from serum after overnight incubation with protein-specific rabbit immunoglobulin fractions (Figure 3) . Electrophoresis of the corresponding immunodeleted sera (not shown) was useful for confirming identification, but generally the electrophoretic patterns were obscured by residual protein from the added immunoglobulin fraction.
Results
Protein denaturation in the presence of 2-mercaptoethanol gave further high-molecular-mass electrophoretic bands than denaturation in its absence (Figure 1 ). This can be attributed to cleavage by 2-mercaptoethanol of disulfidebridge-dependent polypeptide associations, resulting in the disappearance of electrophoretic bands of low mobility (high molecular mass) and the appearance of polypeptide bands of relatively high electrophoretic mobility (low molecular mass). Because both the nature of these polypeptides and their structural associations are highly characteristic of an individual protein (e.g., immunoglobulins, haptoglobins), then 2-mercaptoethanol-associated electrophoretic response can be exploited for the purpose of protein identification. The polymeric nature of the different haptoglobin phenotypes is only distinguishable in the absence of 2-mercaptoethanol, and this probably accounts for the minor differences observed (in the absence of 2-mercaptoethanol) in the highmolecular-mass electrophoretic banding patterns of the three normal sera shown in The proteinsindicatedaccocdingto Fig.1 Figures  1 and 2 ), a phenomenon also displayed by bovine serum albumin and ovalbumin on SDS-PAGE of commercial molecular-mass-calibration proteins (Figure 4 ). This can probably be attributed to disruption by 2-mercaptoethanol of intra-chain disulfide bridges, resulting (in the (.).
(+) presence of SDS) in an expanded random-coil structure of lower electrophoretic mobility than that of the structurally more compact non-reduced form of the protein. Such a response may be expected to reflect the characteristic structure of an individual protein, thus aiding identification.
A third type of 2-mercaptoethanol-associated electrophoretic response may be considered; it is negative, but equally valid for the purpose of protein identification. The electrophoretic mobilities of (e.g.) a1-acid glycoprotein, ape A-I lipoprotein, and a1-antitrypsin were largely unaffected by treatment with 2-mercaptoethanol (Figure 1) . With regard to a1-antitrypsin, this gave rise to an intriguing effect resulting from the positive 2-mercaptoethanol-associated electrophoretic response of albumin. Thus, in the absence of 2-mercaptoethanol, albumin had a greater electrophoretic mobility than a1-antitrypsin but demonstrated a lower mobility than 1-antitrypsin in1its presence.
Application of this electrophoretic approach to sera from patients with a diagnosis of IgG myelomatosis gave distinctive electrophoretic patterns, clearly different (under both #{149} reducing and non-reducing conditions) from those obtained with normal human sera (Figures 1 and 5) . The myeloma sera showed lower concentrations of albumin and higher concentrationsof those electrophoretic bands corresponding to either the intact IgG (Figure 5B) or the dissociated heavy and light chains of IgG ( Figure 5A ). The characteristic 2-#{149} mercaptoethanol-associated electrophoretic responses of both albumin and IgG were useful in confirming these abnormalities.
Futhermore, the myeloma-associated decreased concentrations of 1gM and IgA only became apparent on combining the two electrophoretic procedures, the former being demonstrated in the absence of 2-mercaptoethanol ( Figure 5B ) and the latter characterized (in the presence of 2-mercaptoethanol) by the clarity of the IgA heavy-chain zone between albumin and the IgG heavy chain ( Figure 5A) . A detailed study of the electrophoretic patterns The proteins indicated in accordancewith Fig. 1 are 1 (7) , for the purpose of detecting and cataloging protein abnormalities associated with human disease (8).
The potential of the high-resolution two-dimensional technique is enormous (9), but its sophistication places it beyond the technical and financial scope of most clinical laboratories. A simpler method is needed to exploit the success of the two-dimetisional technique but with minimal technical difficulty, high rate of analysis, and a reliably high degree of reproducibility. The present combination of high-resolution one-dimensional electrophoretic techniques fulfills many of these criteria. The SDS-denatured proteins can be stored frozen (-20 #{176}C or -70 #{176}C) and as many as 100 samples can be electrophoresed in 2 h by using two electrophoresis tanks, each containing four polyacrylamide gels. The resulting polypeptide patterns are highly reproducible, relatively easy to interpret, and should prove suitable for semiquantitative analysis by use of traditional one-dimensional gel-scanning techniques.
The disadvantage of any one-dimensional electrophoretic procedure is that it exploits only a single physicochemical parameter. Thus each protein band is likely to be composed of more than one polypeptide component, which hinders identification.
This problem is minimized in the system described here by combining a high degree of resolution (up to 100 bands per serum) over a wide range of relative molecular mass (104_106) with exploitation of the characteristic 2-mercaptoethanol-associated electrophoretic response of an individual protein. Furthermore, the polyacrylamide gradient is identical to that used in the second dimension of previously reported two-dimensional procedures that either include (4, 6) or omit (10) 2-mercaptoethanol in the sample preparation. This permits direct correlation of the appropriate one-and two-dimensional patterns such that the latter can be used to establish the positions of the abnormal polypeptides, to assess possible diagnostic misinterpretations (resulting from simultaneous quantitative variations in other polypeptides of identical electrophoretic mobility), and to determine the optimal polyacrylamide gradient for one-dimensional resolution. Although difficulties may be encountered in molecular mass determination following SDS electrophoresis in the absence of 2-mercaptoethanol (i.e., incompletely denatured proteins will not bind SDS in a constant weight ratio), this should not interfere with screening procedures for protein abnormalities, provided the comparison is made between samples denatured and electrophoresed under identical conditions. These techniques can also be applied to the proteins of urine, cerebrospinal fluid, saliva, tear fluid, and sweat (manuscript in preparation). However, their application to unconcentrated body fluids of low protein content necessitates ultrasensitive silver staining. To minimize 2-mercaptoethanol-associated artefacts (Figure 1 
